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-rr-asonic imaging agent is orovidea comprising a oarenteraiiv-aaminisiefable aaueous 
z>ersion 01 microspneres preaommantiy oi Oiameiers ;ess tnan lO microns, wherein the 

las microDuocies encapsutateo ^nn A^ater-tnsoiuo»ii2ea ciocompatioie material. The 
s-.zec Dy naving a concentration ot greater than lOO < lO"" microspheres per milliliter. 

r-'s concentration is mamtameo for over 4 weeks at a temperature oi 20 to 25 C. A 
-jz^ng the imaging agent is aiso oisdosea. 
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CONCENTRATED STABILIZED MICR0BUB8LE-TYPE ULTRASONIC IMAGING AGENT AND METHOD OF 

PRODUCTION 

This mveniion re'ates to ultrasonic imaging o* tne numan ooov ior nacnosnc Durocses: ana. nnore 
canicuiariv to 'jitrasoric imaging agents ana metnoas tor oroouction tnereor 

u r.as ceen Kno^n Since i968*'0 that conirasi ecno-caraiograonv can oe --sea to cenreate mtracaraiac 
structures, assess vatvuiar comoeience. cemonstraie intracarOtac sn.jnts. anc 'Cennfv oefcaroiai ettusion. 
'Gramian ano Shan t968. ana reigenoaum. ei 3i.. i970 ) Ultrasonic imaging ot :re nean cotentially has 
moonant aavantages ot convenience, satety ana reauceo cost over cresent ciagncstic crocecures. sucn 
as angiograonv ^vnicn reauires tne use o( facio-ooaaue ayes tor x-^ay .magmg. zr tne use ot raaio-nuclide 
.Tiaging agents tor :ac)0-<maging. However, orogress m oracticai aoDncaticns ol uurasontc imaging has 
zeen cetavea Dv tne tacK ol erteciive cJinicaiiv-usaDie imaging agents. 

Ultrasonic imaging uimzes an ultrasonic scanner to generate ana receive souna *aves The scanner is 
riaceo on a oocv sunace ovenymg the area to oe imageo. ano souna waves a/e airectea lowaro that area. 
The scanner aetects retiectea souna waves ana iransiates that caia into images When ultrasonic energy is 
:ransminea tnrcugn a suostance. tne acoustic crooerties ot tne suostance aeceno uoon the velocity of the 
•/ansmission ana me aensitv ot the suostance Changes 'n :ne suostance s acoustic crooemes (e.g.. 
.artaiions «n acousuc tmoeaence> are most oromment at tne interlaces oi Cifiereni suostances. such as a 
■ouic-sona Of .iQuia-gas inierrace. Conseauentiy. ^nen unrasontc energy ouectec througn media. 
:nanges >n acoustic orooenies «>ii result in more intense souna reHection srgnais tor aetection oy the 
ultrasonic scanner 

Ultrasonic .maging agents can consist oi small sona or gaseous cariicies wmcn. *nen miected m the 
:rrcuiaiory system, orovioe 'mprovea souno reitecnon ana image ciartty MicroouODie-iyoe imaging agents 
:onsist ot minute ouDOies of a gas (usually airi wmch are cisoersea m a earner iiQuid tor oarenteraJ 
■ntection The "microouDOies* are carneo Dy tne circulatory system to the organ cemq imagea. 

tt nas oeen orooosea to form a disoersion of air microouobtes m a warm aaueous geiatm solution, and 
coonng the soiuuon to a sonoitication temoerature to trao the microouDDies. For aommistration. the gelled 
t ctsoersion IS to oe *armea unm it tiqutties. ana oa/enteratiy admimsterea wtih the microDuooies Oisoersed 
.n the MQuifieo geiatin iTickner. et ai. US. Patent 4.276.385. ana TtcKner. et ai.. National Technical 
intormation Service Reoon hR-629i"7-]"a. Aonl 1977) 

Geiatin-traooea microouooies on muoauctton mto the oioodstream nave a snort iite-time. They rapidly 
:tssaDate Anoiner cisaavantage <s that the micrcDuodies are too large to oass inrougn cauiiiary oeds, and 
: are therefore not suitaote tor nean imaging oy Denonerai intravenous aamimstration 

The Oiscoverv ov Or Steven 8 Femstem ot sonication-orooucea microouoote .magmg agents reore- 
sentea an important aavance m ims art Usmg viscous aaueous solutions, sucn as "0% soroitoi or dextrose, 
Dr Feinstein ofooucea a Orsoersion of microOuDDies oy nign energy sonicaiion of tne solutions. The 
.'esuiiing microouODies hao s<zes less than lO microns, ana were caoaoie ot passing through caoiiiary oeds. 
5 The oersistence ot tne microouooies. aithougn of the oroer of a few mmutes. oerminea the imaging agent to 
ce oreoarea ara acmimstereo intravenously for heart imaging. iFemstem. et ai . i984: ano Femstem U.S. 
Patent 4 572.203 ) 

SuDseouentiv. Or Fetnstein sougm to imorove the oersistence ot the microouboies He found that by 
sonication ot a '^eai-sensitive orotem. such as aioumm microDuootes ot impfOvea staoiiitv were ootained. 
: ,See Femstem PCT AooMcaiion WO 84 02838. corresoonomg to aiioweo US aoDtication Senal No. 
305.975. fiiea Oecemoer 5. i985). Concentrations of microDuDCies of iQ to m < iO» microouDPies per 
milliliter were ootainea with ouDPie sizes from 2 to 9 microns iKeiier. Femstem and Watson. i987). The 

microDuCDies persisted tor 24 tO 48 hours 

However the sontcation-oroouced aiDumm microDuDPie imagmg agent ot Femstem *ras not sufficiently 
5 siaDie tor commercial manufacture Staoiiities of the oroer ot weeks or months uatner than hours or days) 
are reauirea to cermn an imagmg agent to be manufactured at a central location ana aistnoutea to hospitals 
m the united States ana other countries For commercially feasible manufacture, sniomeni ana hospital 
storage prior to use. a siaouiiy time of at teast four weeks is neeoeo ana oreteraoty at :east eignt weeks or 
:onger 

J Further for the most effective imagmg. -i is desiraoie to nave the highest cotamaoie concentration of 
microouooies m me imagmg agent. But the ooouiation of mtcroouocies of the cesirea smaii sizes lenas to 
cecrease wim noiamg of the sonicated aibumm solutions. The small ouboie size anntion can occur either by 
:ciiaose ot me mtcroouooies or oy coaiesence to oversize micrcouODies Ccnseauentiy a further important 
rcjecttve has been ro tma means tor increasing concentrations of microbubcies m the imagmg agent. An 
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ir^agmg agent of ver/ high nucrobubble concentration ts inherently better, and a safety factor is prcmded. 
With 3 concentration of microbubbles higher than the minimum reauired for effective imaging, some loss of 
tre microouDbtes of tne desired size can be acceoted. 

The oresent invention orovides an ultra-concentrated, room-iemoerature staote microoubbie-type imag* 

5 re agent This imorovea imaging agent comonses a sterile aoueous medium containing a disoorwjn of 
^•crcsoneres creaommatety of diameters less than lO microns, ana is thereby suitable for parenferaf 
..-•ravenous aaministration. The microsDheres consist of gas microouObies encapsulated m a waier- 
"sotuoin^rea oiocomcatibie material, such as aidumm. Representing a substantial advance m the art. the 
•rraging agent of this invention nas a homogeneously dispersed concentration of greater than lOO » lO* • 
• eg. 10*1 mrcrospneres oer milliliter. This hign concentration can be maintained at ordinary room 
•emceraiures (20 to 25 Cl for extendeo periods of time (4 to 8 weeks or longer), in optimized embodi- 
-^ents. microsonere concentrations of the order of 300 to 500 x iO^ microspheres per milliliter are achteved. 
Suronsingiy. 'nese ultra-high concentrations can tje maintained for over eight weeks. The imaging agents of 
:r:s -nvention are tnerefore adapted for manufacture ana distribution on a commercial basis. Foffowmg 

5 sr.oment. they may oe maintained m inventory by hospitals for many weeks, being available for diagnostic 
•-•se as ^eauirec 

The rmagrrg agents of this invention are preferably oroduced from a heat-denaturable biocompatible 
croiem ov a steowise sonication procedure. As with the Femstem method, an aoueous solution of protect is 
£L.C)ectea to sonication to form gas microbubbies while concurrently heating the solution to oisofubilize 
small oc«ions of tre orotein. However, the improved sonication procedure, wmch results m the «Kreaseo 
c::ncentration of righiy stable microbubbies utilizes a novel sequential sonication. In the imtial sor^cation 
erase, the sonicatcr norn is directly contacted with the solution (viz. by immersion just below the upper 
iuface of tne soturjont. This initial sonication is carried out without appreciable foaming of the solutwn. in 
;ne next ohase of Te sonication. foaming is promoted. The sontcator horn is withdrawn to a position in the 

:5 amoient atmoscnefe aDove but proximate to the surlace of the solution, intense foaming and aorosofating 
occurs The pccunation of microbubbies is thereby greatly increased and the microoubbies are encap- 
sulated with denar-rea protein to obtain a dispersion of highly stable microspheres. Moreover, the stabifity 
ct the microsonere* oermits them to be concentrated and/or fractionated. By such manioulations, bubble 
ccncentration can re doubled or tnpled and oversize bubbles eliminated. 

:o For example, concentration of the microspheres as initially produced can be from 50 to ISO n 10*. 
Bv a Moat seoa/aLc-n concentration procedure, the microsphere concentration can oe increased 200 to 600 
< lO^ mtcrosDhere* oer milliliter. Also, by another float-type separation, most of the microoubbfes of larger 
S'^e than lO r^icrrns can be removed, result mg m an imaging agent composed predommaiely of 
rricroscneres rameters substantially less than lO microns. For example, at least 80% o* the mtcro- 

:e scneres can have riameters m the range from t to 9 microns. 

The accomcan*"ng arawmgs illustrate a preferred method of preparing the ultrasound imaging agent of 
!r s invention 

FIGS lA :- "D illustrate the steos m the seauentiai sonication procedure. 

F'G 2 <s a ™ss-sectionai view taken on hne 2-2 of FIG. iB, illustrating the relation of the sontcator 
-0 hern to !re insice r* Te syringe which contains the albumin solution being sonicated. 

FIG 3 iiiusr^es a separator vessel m wmch increments of the microsphere dispersions are pooled 
fcr float separat.c*" roncentraiion. 

FIGS 4. 4-1. and 4B illustrate a method of fractionation of microsphere dispersions to remove 
cversize microscreres. 

^5 FiG. 5 IS a p-aoh of experimental data showing the concentration of the microspheres m the imaging 

agent as prooucec and their storage stability. 

The starting — Htenal for practicing this invention is an aqueous solution of a suitable biocompatibfe 
material. The e<-C3CSulating ma.wiiai should be heai-sensitive so that it can be partially insofuWrzed by 

to rieating ounng 5c-*^cation. More specifically, coincident with the sonication. a small portion of ttie dissolved 
bioccmDaiiCie f~ar=r:2i is heated or otherwise treated so that its solubility is reduced. This results ix\ a small 
vciume or soiic -rase matenal. which forms the encapsulating layers around the microspheres. Preferably a 
^^eai-sensitive cr^r: .s selected such as albumin, hemoglobin, collagen, etc. For administration to humans, 
human protein « ire^erred. Human serum albumin (HSA) ts especially suitable. HSA is availatote cotnmer- 

:5 ::aiiy as a ster- e r*c aoueous solution, which can be used directly as the starting material for prepanng the 
microspneres. r-c^^ver. other concentrations of albumin or other heai-denaturabie protems can be used. 
hSA concentrarcr ran be varied, for example, withm the range from l tc>25'<» by weight. 

Commercia:: * -available sonicator equipment may be used m practicing this invention. Theoretocally, 
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somcator vioration freauencies can var/ over a consioeraDie range, sucn as from 5 to 30 kiloHerz ikHzj. but 
most ccmmercaiivavaiiaoie somcatcrs ooerate ai 20 kHz or lO '<Hz. The 20 kHz scmcators Dertorm we<) for 
curocse 0* rnis invention Sucn scnicator eauiomem can oe ooiaineo irom Heat Svstems-UUrasomcs. tnc, 
Farm.ngcaie. Ne* vcfH. ana otner connoan.es. Ultrasonics Moaei w-380 or Similar mcaei can oe osea wim 
a fiat tie. ntgn gam sonfcaior norn. 7he ocwer aoonea to :ne somcator norn can ce vanea ever ocwer 
senmgs scaieo rrom i lo tO fcv tne manuracturer. as w.in Ultrasonics Mooe* w-380 An .niermeoiate power 
senipg can oe usea iv.j from 4 to 8) The v.orationai rreouency ano me cower aocueo must oe suttic:ent to 
Tfocuce cavitation m tne "Quio oemg sonicatea 

'he solution lo oe somcaieo can oe treateo m small increments, for examoie. 8 mi Quantities oi the 
solution can oe .noiviouaiiy sonicatea. initial sonication can oe carnea out ^itn me Mat-encea somcator norn 
.n contact wim me solution, oreieraoiy immerseo m me uooer oortion oi tne solution immersion .s aesiraote 
.n oraer to carry out me initial son.caiion wimoui aocrectaoie toammg w.m a cower semng of 4 to 6. the 
•nitiai sonication can oe oertormeo in tess man a mmuie (viz. 15 to -45 seconas). 

immeaiateiy toiiowmg me inmai onase ot me sonication. me sonicaior norn is ^nnarawn to a oosition 
aoove me solution out ofoximate to me uooer surtace of me solution, in me secono pnase. me sonication is 
rehoeraieiv carnea out :n sucn manner as io oroouce mtense fcammg cf me solution, contrary to 
:onvennonai somcanons. *nere .t -s oesiraoie to avoid (oam.ng. For me ouroose ot me oresent invention, 
■oammq ana aerosoianng are imoortam for ootammg tne .magmg agent oi ennancea concentration and 
s:aDtnty 

To oromoteJoamipg. the oower mout to the somcator norn may oe increased m tne secono stage For 
e«amoie. the oower senmg may oe moveo from an imtiai senmg of 4 to a setting of 6. The second pnase of 
:re son.cation can oe earned out m tess man a mmute. iviz. from 1 5 to 45 seconasi. The lotai time for the 
sonication tor ooth me first ana second onases can oe of me order of one mmute. For e«amote. a 25 to 35 
second son.cation can oe used for eacn onase The foammg produced m me second onase of the 
somcauon .s tmmediateiy deiectaoie oy me ciouoy apoearance of me solution, and oy me foam produced. 

8v means of me sequential sonication. comonsing tne cavitation ohase fonoweo oy a foammg pnase. 
tne concentration of tne encaosuiateo microDuooies. referred to herein as •microsoneres". can oe greatly 
.ncreased. Concentrations m excess of 25 x lO' microspheres oer milliliter are easily ootamaoie. sucn as 
'rom 50 to 150 < 10* concentrations Moreover, me resulting microsoneres De predominantly of 
diameters iess man i0 m.crons. For example. SO"*., or more ot me microsoneres can nave oiarieters m the 
range from \ to 9 microns with a mean ciameter of 4 to 6 microns. 

When me sonicauon is carnea out m contact *tth air as me amoieni atmospnere. me microsoneres will 
-ave air centers. Air .s ceueveo to oe me most convenient amoieni atmosonere. out. .f aesired. somcation 
ccuid oe earned cut under omer gas atmosoneres tvtz mtrogen. oxygen, caroon oicxioe. etc.). 

p-riiowing .nmai orocuction me micfospnere cisoersions can oe tunher orocessea to increase the 
ccnceniraiion and or to remove oversize microsoneres. Smce me microsoneres are ouoyani mey tend to 
-se to me surtace of the oisoersion By noiamg me Oisoersion «itroui ag.tanon for a numoer of nours. iviz. 
'•or 4 to 12 -^ours) mosi Of me microsoneres WM( nse to me surface and concentrate m an uoper iayer aoove 
me c:antied solution By m.s "ficat-seoaration- ci tne microsoneres mto an uooer :ayer. pon.ons cf me 
c:arined so«ution can oe removed from oeiow me microsoneres. mereoy ootammg a oisoersion of greater 
m.crospnere concentration. For examote. from 50 to 75% of the solution voiume may be removed m mis 
•:oncentration process 

Ei-her oefore or after the aoove-oescnoed ccncentration. fioat-seoaration of oversized microsoneres can 
De oo.aineo Large size microspheres sucn as one navmg diameters greater man lO m.crons nave relatively 
greater ouoyancy They w.ii therefore nse more rapidly to me surtace ot the sotuiion By utmzmg a snort 
noidin.; time, sucn as from 1 5 to 45 mmutes. the largest size microspheres can oe selectively collected m a 
small upper layer aoove a cispersion wmcn w.ii stiil contain suostannaiiy aii of the microsoneres ct small 
Size Bv removing this microsphere Oisoersion from oeneain tne layer of Oversize microsoneres. a 
tractio'-.ation may oe acnieveo m wmcn me targ.. microsoneres *i»i remain in me vessel m wmcn the 
fractionation is earned out 

The imaging agent oroduceo Cv this comoinanon of rwo-stage scmcanon and me noat-seoaration 
concentration can nave a nomogeneousiy-oispersed concentration of greater than 300 * \0* sucn as :rom 
300 to 900 X 10* (3 :o 9 x iO*» m.crosoneres oer milliliter H.gn concentrations can ce mamtamed for 'ong 
■periods of holding at amoient room temoeratures i20-25"C'. Concentrations aoove 200 and lyo.caiiy aoove 
300 - 10* microspheres Per muui.ier Can ce maintained 'or cenods ot at east fcur ano usuany e.gm *eeks 
Of 'onger 

in FIG 1A there IS Shown a lO ml svnnge navmg an coen :oo ana a siooeocK-ivpe vaive at its ^ower 
discharge end. The syringe <s fmed to me 8 mi levei A.tn me 5% aioumm iHSA) sdution The somcator 
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horn IS »nsert0O in the syringe 10 the 7 ml level, indicated as the T- oositton m FIG. i B. In this position, the 
sonicator horn is tmmerseo in the uDper portion of the solution, the solution tevei being as indicated m FIG. 
1 8 Initial sonicaiion :s carnea out essentially without foaming of the soiunc^ 

Immediately following initial sonicaiion ana without turning oft the sonicator'. me norn is withdrawn to the 
tO ml level, inotcateo as tne T; oosuion m FIG. iC The oower mcut to :he sonicator norn can also Oe 
-ncreasea as it is witnorawn to the Tj position. Immeoiaieiy following the wunarawai. foaming of the albumin 
solution commences and the solution oecomes milky m aooearance The solution wiii foam upwardly 
3rouna the sonicator norn ounng the second pnase. The aooearance of me foameo solution is illustrated in 
FfG 10 me microouobies oemg mcicateo m greatly entargeo diameter over their actual micron range sizes. 

The solution oemg sonicated contains ooth dissolved ana entramea air The solution is in contact with 
t^e amotent atmostphere arouno the sonicator .^orn. (The clearance oerween tre norn and the mside of the 
syringe can oe seen m the cross-sectional view c' FIG. 2.) The air contact facilitates the foaming and 
aerosoiating of the solution m the second stage of the sonication. 

The oisoersions from a Diuraiity of sontcation batches can be oooieo for ccncentration. For examoie. a 
ciuraitty of the dispersion increments can oe mtroauced mto a seoarator vessel, which may be a large 
syringe or seoarator funnel eauiDoed at Its bottom with an outlet controlled Dv a drainage valve. Such a 
separate vessel m me 'orm of a large syringe is shown m FIG. 3. 8y noidmg me pooted dispersions for 
several nours without agitation, such as overnight holding, me microspheres wtii nse to the too of the 
solution ana form a layer of float-separated microsoheres. Beneath the collected layer. tne clarified atbumm 
solution will De suDStantiaiiy free of microspheres, it is therefore possible to dram oH a maior portion of the 
solution -through the bottom outlet. For example, one-half to three-fourths of the solution can be removed. 
However it is desiraoie to retain a sufficient solution volume to permit full reatsoersion of the concentrated 
-^icrosoneres. 

In FIG 4 'iiustrates the microsphere concentrate with the microspheres reoisoersed. The microspheres 
are suhicientiy staoie that they do not adhere permanently to each other m a concentrated layer, remaining 
as seoa/aie intact microspheres. They can readily be redisoersed by miid agitation. 

Aher reoisoersion to an essentially homogeneous condition, fractionation mav oe earned out to remove 
Oversize microsoheres. By hoioing the redisoersion for a short time, sucn as around 30 minutes, the largest 
riameier microsoneres will oreferentiaiiy nse to the too ana collect m a layer. as .r.aicated m FIG. 4A. When 
that has occurreo. the microsonere dispersion oeneaih tne oversize microsoneres can oe removed through 
me drainage valve. When the collected oversize microsoheres approach the vatve. me valve is closed so 
mat me oversize layer remains m the seoarator vessel, as indicated m FIG. 46 The oroduct obtained is a 
toncenrrated fractionated aibumm microsphere oroduct m which at 'east 80*3 of me microspheres have 
ciameters in me range from i to 9 microns. The preferred product nas at least 90% of the microspheres 
>vith diameters of from 2 to 8 microns. 

Further oirectionai oetaiis of me oresentiy preferred procedures are set out oeiow under the appropriate 
^eaotngs. 

Sonication 



F,H a 10 ml syringe of ovai cross-section fitted at its lower outlet eno with a sioocock to the 8 ml mark 
/vith Sterne 5°o human serum aitumin. Position a sonicator prooe of smaiter crcss-seciion m the syringe so 
mat the oottom of the prooe is at the 7 mi mark. Sonicate at energy sening 6 for 30 seconds then (with the 
sonicator still oni move the prooe tip to the iQ ml mark, wmie moving tne energy setting to 8. Sonicate for 
an additional 25 seconds. Turn off sonicator. remove probe and dram contents of the syringe mto a 60 ml 
syringe or separatory funnel with a stopcock controlled bottom outlet. From 5 to 6 syringe volumes are 
cooled. 



Concentration: 



Allow me pooled increments to stand overnight (8-12 hours) without agitation m the separator vessel. 
When sucstantiaiiy aii the microsoheres have formed a layer on me too. aram two-thiros of the volume from 
me DOftcm 



Fractionation: 



5 
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Resuspena the microsptieres ana nil a 60 ml syringe with them. Let sit 30 minutes, then drain all but 
aoout the last 3-4 ml mio a collection vessel. The oversize microsoheres are left. Count a sample and 
•:aicuiate ihe concentration, mean aiameter. and percentage iess than tO a. tf less than 99.5% are less than 
lOu. fe*fracticnaie. If reoufrea for reoispersion. concentration may be adjusted with 5% HSA. 



■•: Concentratron measurements are set out t3elow m Table A for three representative runs using the 
::ocecufes aescnoea aoove. The initial concentration of the aisoerions after somcaticn was of the order of 
;30 to t40 « 10" ml This was increased by the float-separation concentration to 340 to 450 x lO'-ml. 

=cr croouc: controL tne microspneres may be counted by a Coulter Counter, ootainable from Coulter 
E:ectronics. mc . higriean. Fionaa (viz. Coulter Counter Model TAII). Microspnere counts set out above 
A»ere oetermmeo tn tms way. 

The staciuty of a representative proouct was examined m a study lasting for 20 weeks. The initial 
:oncentraiton /vas aooroximateiy 4 31 < 10* (431 x 10*) microspheres per milliliter. Concentration measure- 
ments were mace at aoout weekly mtervais. The results are summarized m Table B. The measurements, 
>vn.cn Here mace Dy means of a Coulter Counter, are presented graphically m FiG. 5. The samples were 
:: -eta at amc.eni room temoeraiure (20-25*0. The concentration of about 400 xiO^ microsoneres per 
-nuiiiiter was maintainea for 20 weeks. This evioences a nigh degree of room temperature stability. 

The staomtv of the microsoneres can ce affected by unusually hot or cold temoeratures. However, even 
it temoeratures as 'ow as 4* C or as nign as 37 *C. microspnere concentrations m excess of 200 x 10* ml 
:an oe maintained for periods of eight weeks or longer. Nevertheless, for commercial dislnbution or long- 
.^5 :erm noiding very nign or low temperatures should be avoided. Room temperature holding is preferred. 
Temoeraiure orotection of the microspheres during snipment can be used. 



RESULTS 



TABLE A 



Concentration Measurements 



Runs 



Microspneres/ml 
After Sonication 



Microspheres ml 
After Concentration 



A 
8 
C 



135 X 10* 
Ulx 10* 
133 X 10* 



386 X to* 
483 X 10* 
440 X 10* 
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TABLE 3 



j Week 

i 

i 
I 


Microsor.ere 
Conceniraiton x 


0 


4 31 


1 


4 49 


z 


-i20 


3 


391 


4 


336 


5 


4 25 


5 


4 06 




4 12 


3 


3 92 


9 


3 94 


to 


3 97 


1 1 


3 48 


12 


3.4a 


13 


4 09 




3 70 


15 


4 92 


1 7 


4 15 


18 


3 99 


19 


4 14 
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Claims 

^ t A rcrcerrssc room-temperature siaoie ultrasonic imaging agent comonsmg a Darenieraiiy ad- 
mimsterac e ^ —eoium containing a dispersion ot mtcrospMeres preaommantiy of diameters less 

man lO .cort •*^cr microsptieres consist o\ gas microbuOOies encapsulated *iin water-msoiu&Hzed 
oiocomcarre ^sisr^ said imaging agent navmg a nomogeneousiy dispersed concentration of greater 
than lOO « • — crrrsneres per milliliter and *vnicn maintains sucn concentration tor over 4 weeks at a 

50 

:emoeratu-5 r-^ ^fl c IS C 

2 Tre — acr^ scern of claim \ n *nicn at least 80% of said microspneres nave oiameters m the 
range frc^ ' -z r — r^ons 

3 T>e *—^rxz s-u»'^t ot daim i or ciaim 2 wmcn has a homogeneously disoersec concentration of said 
nmcrcsDre*^ T'^^^ *an 200 < 10* rri.croSDneres Der milliliter and which maintains Such concentration for 
Over 4 ^e«^ a; a — --rerature ot 20 to 25 ' C 

4 T>e ~acr-c szent of claim i cr claim 2 in wmcn said microouDOtes are encapsulated with human 
serum aiC:-— -- 
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5 A ccncentraieo roomMemperature staoie ultrasonic imaging agent comonsing a DarenteraJiy admm- 
•siradie aauecus sciunion o* a heat-denaturaoie biocomDaiiDie orotem containing a aisoersioo of nrncro- 
soneres ai least 80% of ^mcn nave diameters m the range of i lo 9 m.crons. saio microspheres consisung 
of an air m.croDuccie encaosuiateo m a neat-.nsoiuoiiizeo layer of saia crotem. saiO .rfiagmg agent navmg a 
nomoceneousivciscerseo ccncentranion greater man 200 .* lO- micrcsoneres oer milliliter and wmch 
mainiams sucn corcemranon tor over i weeks at a temperature of 20 to 25 C 

6 T^-e .magtng agent of c aim 5 wmcn nas a nomoceneousiv discerseo concentration or from 300 to 
oOO « 1 -nicrospneres oer i-r.nli liter, anc Amen maintains sucn concentration tor at least 5 ^eens at a 
:emoera:'-re ot 20 tc 25 C 

7 T're .maging agent ot ciarm 5 or c:aim 6 m wnrcn saiO crotem is human serum aiDumm. 

3 The .maging agent of ctaim 5 or ciaim 5 whicn 90% or more ot saio m.crcsonefes nave oiameters 
■ p. :ne range from 2 to 3 microns. 

9 A ccncentraieo room-temperature siaoie ultrasonic imaging agent tor intravenous acmmistranon, 
comonsing a sieme aoueous solution of numan serum aioumm containing a Cisoersion of microspheres ai 
•east 80% cf wn.cn nave otameters m the range of i to 9 microns. saiO microspnere consisting ot a ouOble 
o» air encaosuiateo «n a vvaier-.nsotuDinieo layer of saiO aibumm. saiO .magmg agent having a 
.-^omogeneousiv-aiscersea concentration of from 300 to 600 « tO* m.crosof^eres oer mnhhtef ana wmch 
mamiains sucn concentration tor at least 8 weeKs at a temoerature of 20 to 25 C 

10 The imaging agent of c:aim 9 m wmcn at ieasi 90% of saiO microsoneres nave diameters m the 
range trom 2 to 8 microns 

1 1 The method of croductng a aisoersion of microsoneres for use as an unrasonic imaging agent m 
/.n.cn an acueous solution of a heat-oenaturaoie fciocomoatiDie orotem is suDieci :o sontcation to form gas 
m.crooucoies •'vn.ie neating saio solution to .nsoiuOiiize a portion of the protem. wherem the improvement 
comprises ounng an initial somcation onase directly contacting the tip of the sonicator horn with said 
solution ana carrying out the somcation and neating of said solution without aopreciaDie foaming, then 
withdrawing the sonicator norn to a position m the amoieni atmosphere oroximate to the surtace of said 
solution ano foaming the solution to increase the Doouiation of microoucDies. and encapsuiaung the 
microDuODies *ith oenatureo orotem to obtain a dispersion of staOiiized microspheres of increased 
concentration 

12 T — :t c:aim 1 1 m wfiicn saiO protein is human serum aidumm 

13. : rneincc of oroducing a concentrated dispersion of microsoneres for use as an ultrasonic 
-maging agent m wn.cn a solution of human serum aibumm is subiected :o sonicaiion m contact with the 
amoient atmospnere lo form air microbuDOies while neating said solution to msoiubiiize a porton of the 
aicumin. ana encaosuiaimg me microDuboies with denatured aiDumm to obtain a dispersion of staOilized 
m.crosoneres of increased concentration, wnerem tne improvement comprises hoidmg a body of the thus- 
:ctamea microsonere oisoersion without agitation tor sufficient time to oermtt the microspheres to nse 
tnerem ano concentrate m an jDper layer aoove the danfied aiOumm solution, and seoaratmg a portion of 
:ne cianfied aiDumm soiunon trom the concentrated layer to cDtain a dispersion of greater microsphere 
concentration 

14 The method ot claim i3 m which the said disoerston of greater ccncentraiion is fractionated by 
w.mdrawmg a oisoersion containing most ot the microspheres wmie leaving cenmo a m.croscnere fraction 
containing the largest size microspheres wnicn nao conectea near the uooer surface of the disoersion 

15 The method of csaim :3 m wmcn said microsoneres are oredomiraieiy of diameters 'ess than 10 
m.crons out mciuoe microspheres of larger oiameters. wmch method mciuoes tne further steps of holding a 
oody of the m.crcspnere dispersions without agitation tor sufficient time to oermit at least the microsoneres 
of larger than lO micron diameter to rise therein and concentrate m an upper layer, and withdrawing a 
dispersion trom beneath said upper layer containing most of the microsoneres of less man iO microns 
nameter w- e -eavrng oehmd a microsphere fraction containing most of the microspheres of larger man lO 
micron diameter 
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FIG. 5 

MI'CROSPHERE STABILITY AT ROOM TEMP. (20 25^) 
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